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criterion for the natural period of vibration expressed in seconds 
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where £ st denotes the static elastic displacement and g is the acceleration of gravity. 
When 8 st is expressed in inches, Eq. (11.1) reduces to 

T = 0.32(^ t ) 1 ^ (11.2) 


The corresponding frequency in the natural mode of vibration is equal to the re¬ 
ciprocal of the period given by Eq. (11.2) 
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Design Problem 1.1 

A fixed-ended steel beam of length L = 20 ft is designed to carry a central load W = 
1000 lb. Calculate the moment of inertia of the beam in the plane of loading to give the 
fundamental frequency of 30 cycles per second. Neglect the beam’s own weight. 


Solution 

The conventional deflection formula for this case is 

_ WL 3 
st “ 192FI 


Utilizing Eq. (11.3) the formula for the moment of inertia becomes 
WL 3 f 2 


I = 0.00054- 


E 


Taking the modulus of elasticity to be 30 X 10 6 psi and substituting other numerical values 
specified for this problem we obtain 


0.00054 x 1000 X 240 3 X 30 2 
30 X 10 6 


= 224 in 4 


♦ 


FREE-FALL EFFECT 

The concepts of the elastic strain energy stored and the change in the potential 
energy of the system can be used to calculate the maximum stresses and dynamic 
response of simple structural members subjected to impact. This approach is illus¬ 
trated by developing an approximate formula for the relation between the dynamic 
and static stresses for a transversely loaded beam when a given weight W is dropped 



